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http://dx.doi.org/10.1016/j.jds.2013.0Abstract Background/purpose: The aim of this study was to investigate the effects of
different light curing units (LCUs) on the microleakage of different composite resins.
Materials and methods: Forty-five freshly extracted human third molars were selected for this
study. Standardized class V cavities were prepared on the buccal and lingual surfaces of each
tooth. The teeth were randomly divided into three composite resin groups, comprising two
dimethacrylate-based hybrid composites and a silorane-based composite. Each composite
resin group was randomly divided into three subgroups for curing with three different LCUs
(n Z 5). Of the three different LCUs used, one was quartzetungstenehalogen and two were
light-emitting diodes (LEDs) with different power outputs. The teeth were immersed in a 2%
methylene blue dye solution and examined under a stereomicroscope. Results were statisti-
cally analyzed using KruskaleWallis and Dunn tests.
Results: When all composite resin groups were compared, the lowest marginal leakage scores
were obtained with the Filtek Silorane composite group, and they statistically significantly
differed from those of the other groups (P < 0.05). Among all groups, the lowest marginal
leakage value was obtained for the LED 1055 subgroup of the Filtek Silorane composite group,
and the highest marginal leakage value was obtained for the quartzetungstenehalogen sub-
group of the Aelite Aesthetic Enamel composite group.
Conclusion: It was concluded that it is not possible to entirely prevent microleakage, but it can
be minimized with silorane-based composite resins and high-density-output LED LCUs.
Copyright ª 2013, Association for Dental Sciences of the Republic of China. Published by
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than 2 months in 0.5% chloramine T. Standardized class VTwo major properties of dental composites that still need
improvement are their polymerization shrinkage and the
related polymerization stress. Both parameters contribute
to different clinical challenges such as reduced marginal
integrity and postoperative sensitivity.1 To overcome
these shrinkage-induced problems, extensive efforts have
been made over several years to develop low-shrinkage
dental restorative materials.2 The most recent one is
based on using ring-opening polymerization of silorane
molecules, instead of free radical polymerization of
dimethacrylate monomers. The term “silorane” was
introduced to represent hybrid monomer systems that
contain both siloxane and oxirane structural moieties.
Concerning the material properties of siloranes, the
cyclosiloxane backbone imparts hydrophobicity, whereas
the cycloaliphatic oxirane sites have high reactivity and
shrink less during polymerization than methacrylates.
Some cyclosiloxanes were reported to undergo cationic
ring-opening polymerization with volume expansion.3
This novel resin is considered to have combined the
two key advantages of individual components: low
shrinkage due to the ring-opening oxirane monomer and
increased hydrophobicity due to the presence of siloxane
species.1
Until recently, light emitted from a halogen light bulb
was used to cure composites. These types of curing units
usually operate at light intensities of 400e800 mW/cm2 and
cure composite filling material within 40 seconds.4
Solid-state light-emitting diode (LED) technology was
proposed in 1995 for the polymerization of light-cured
dental materials to overcome the shortcomings of halogen
visible light curing units (LCUs).5 LEDs use junctions of
doped semiconductors to generate light instead of the hot
filaments used in halogen bulbs.6 LEDs have a lifetime of
more than 104 hours and undergo little degradation of
output over time. LEDs require no filters to produce blue
light, are resistant to shock and vibration, and use little
power to operate.5
The purpose of this study was to compare the micro-
leakage of three different composite resins, two of which
have dimethacrylate monomer structures (Aelite Aesthetic
Enamel and Inten-S) and one with a silorane monomer
structure (Filtek Silorane) after polymerization with three
different LCUs.
The first null hypothesis to be tested was that micro-
leakage values of silorane-based composite resins would be
lower than those of methacrylate composite resins. The
second null hypothesis was that there would be no differ-
ences in microleakage values of composite resin restora-
tions after polymerization with different LCUs.Figure 1 Schematic view of cavity configuration.Materials and methods
Forty-five caries-free, freshly extracted human third molars
were selected for this study.
These teeth were extracted because of indications of
pericoronitis or periodontitis, or orthodontic or prosthetic
treatment reasons from 35 patients. Informed consent wasreceived from all patients. The teeth were stored for less
cavities (3 mm occlusalegingival, 3 mm mesialedistal, and
1.5 mm deep) (Fig. 1) were prepared on the buccal and
lingual surfaces of each tooth using cylindrical diamond
burs with a high-speed handpiece under water cooling.
This resulted in the creation of 90 total class V cavities (45
buccal and 45 lingual) on the 45 teeth. The occlusal margin
was located 1.5 mm coronal from the cementoenamel
junction, and the gingival margin was located 1.5 mm
apical from the cementoenamel junction. The same oper-
ator prepared all specimens. The teeth were randomly
divided into three groups according to the type of com-
posite resin used for restoring the preparations. After that,
each composite resin group was randomly divided into
three subgroups for curing with three different LCUs
(n Z 5).
In this study, two dimethacrylate-based, same-shade
(A2) hybrid composites [Aelite Aesthetic Enamel (BISCO,
Schaumburg, IL, USA) and InTen-S (Ivoclar-Vivadent,
Schaan, Lichtenstein)], and a silorane-based composite
(Filtek Silorane; 3M/ESPE, St. Paul, MN, USA) were used.
Clearfil S3 bond (Kuraray, Okayama, Japan) was applied to
the cavities before they were restored with the
dimethacrylate-based composites, and Silorane System
Adhesive (3M/ESPE) was applied to cavities before they
were restored with the silorane-based composite accord-
ing to the manufacturers’ recommendations. The prop-
erties of the resin composite materials and adhesive
systems used in the study are respectively shown in Tables
1 and 2.
Table 1 Properties and manufacturers of composite resins.
Composite resin Particle
size (mm)
Inorganic filler
ratio (by weight)
Composition Manufacturer
Aelite Aesthetic
Enamel
0.04e0.5 73% Bis-GMA, Bis EMA BISCO, Schaumburg, IL, USA
InTen-S 0.2e7.0 74% Bis-GMA, BisEMA, UDMA Ivoclar-Vivadent, Schaan, Lichtenstein
Filtek Silorane 0.1e2 76% Silorane 3M/ESPE, St. Paul, MN, USA
EMA Z ethylenemethacrylate; GMA Z glycidylmethacrylate; UDMA Z urethane dimethacrylate.
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the cavities, three different LCUs were used, one of which
was quartzetungstenehalogen (QTH) and two of which
were LEDs, with different power outputs. The properties
and manufacturers of the LCUs are listed in Table 3.
After polymerization of the restorations, all surfaces
were sequentially polished with coarse, medium, fine, and
superfine Sof-Lex disks (3M/ESPE) with a low-speed hand-
piecewithout water coolant spray. Each step of the polishing
procedure was performed for 15 s. Root apices were sealed
with wax to avoid dye penetration from the root canal.
Specimens were thermo-cycled for 1500 cycles at
5e55C (DTS B1; Dentester, Salubris Technica, Istanbul,
Turkey), with a dwell time of 10 seconds in each water
bath. Subsequently, the teeth were covered with two coats
of nail varnish. All areas of the teeth were covered with the
varnish except for the restorations and 1 mm around each
restoration. The teeth were immersed in a 2% methylene
blue dye solution for 24 hours at 37C, rinsed in tap water
for 1 hour, and sectioned in the buccolingual plane through
the center of the restorations with a water-cooled diamond
saw (Isomet 1000; Buehler, Lake Bluff, IL, USA), thus
obtaining two sections for each restoration. Both the buccal
and lingual surfaces of each section of a tooth were
examined under a stereomicroscope (Nikon SMZ 1500;
Nikon, Tokyo, Japan) at 25 magnification. Dye-
penetration scores are illustrated in Fig. 2AeF.
Measurements were performed by two operators who
were blinded to the specimen preparation. The evaluation
was performed according to scores listed in Table 4. The
deepest microleakage score was recorded regardless of
whether it occurred on the gingival or occlusal margin.Table 2 Properties and manufacturers of the adhesive systems
Adhesive system Composition
Clearfil S3 bond (self-etching,
one-bottle bonding agent)
MDP, Bis-GMA, HEMA,
hydrophobic dimethacrylate
Silorane System Adhesive
(self-etching primer
and bond)
TEGDMA, phosphoric acid
methacryloxyhexylesters,
1,6-hexanediol dimethacrylate
GMA Z glycidylmethacrylate; HEMA Z hydroxyethyl methacry
TEGDMA Z triethylene glycol dimethacrylate.The results were statistically analyzed using KruskaleWallis
and Dunn tests.Results
When all composite resin groups were compared, the
lowest marginal leakage scores were obtained with the
Filtek Silorane composite group, and those values statisti-
cally significantly differed from the other groups (P < 0.05).
In the Aelite Aesthetic Enamel composite group, no
statistically significant differences were obtained in mar-
ginal leakage scores of samples cured with the LED 550, LED
1055, and QTH LCUs (P > 0.05).
In the InTen-S composite group, there were no statisti-
cally significant differences in marginal leakage scores of
samples cured with the LED 550, LED 1055, and QTH LCUs
(P > 0.05).
In the Filtek Silorane composite group, the lowest mar-
ginal leakage values were obtained for the LED 1055 group,
and there was no statistically significant difference be-
tween this group and the LED 550 group (P > 0.05).
Although the difference between the LED 550 and QTH
groups was not statistically significant (P > 0.05), the dif-
ference between the LED 1055 and QTH groups was statis-
tically significant, and QTH scores were significantly higher
(P < 0.05).
Among all groups, the lowest marginal leakage value was
obtained in the LED 1055 subgroup of the Filtek Silorane
composite group, and the highest marginal leakage value
was obtained in the QTH subgroup of the Aelite Aesthetic
Enamel composite group (Table 5, Fig. 3)..
Application protocol Manufacturer
Apply bond to cavity walls
and leave it in place for 20 s,
blow high-pressure air for
more than 5 s, light-cure for 10 s
Kuraray, Okayama,
Japan
Apply primer to cavity and
massage over the area for 15 s,
blow a gentle stream of air and
cure for 10 s, apply the bond to
the cavity, use gentle stream
of air, and cure for 10 s
3M ESPE, St. Paul, MN,
USA
late; MDP Z methacryloyloxydecyl dihydrogen phosphate;
Table 3 Properties and manufacturers of the light-curing units (LCUs).
Type of LCUs Manufacturer Power of the light
source (mW/cm2)
Polymerization mode and time
Light-emitting diode (LED) Hilux Led-max 1055 (Benlioglu
Dental, Ankara, Turkey)
1300 Standard polymerization 20 s
LED Hilux Led-max 550 (Benlioglu
Dental, Ankara, Turkey)
500 Standard polymerization 40 s
Quartzetungstenehalogen Smart-Lite (Benlioglu Dental,
Ankara, Turkey)
400 Standard polymerization 40 s
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There are many different techniques to assess micro-
leakage around dental restorations. The easiest and most
commonly used methodology involves exposure of a sampleFigure 2 Illustrations of dye-penetration scores. (A) Score Z 0;
(F) score Z 5.to a dye solution and then viewing the cross sections under
a light microscope.7 Dye penetration was chosen in this
study because it provides a simple, cheap, quantitative,
and comparable method of evaluating the performance of
the various restorations.(B) score Z 1; (C) score Z 2; (D) score Z 3; (E) score Z 4;
Table 4 Dye penetration scores.
Score Definition
0 No dye penetration at all
1 Dye penetration along the enamel bevel
2 Dye penetration up to 1/3 of the cavity wall
3 Dye penetration up to 2/3 of the cavity wall
4 Dye penetration to the cavity floor
5 Dye penetration of the cavity floor
368 F. Yilmaz et alIn recent years, new cationic ring-opening monomer
systems were investigated with the target of achieving a
low-shrinking, highly reactive, and biocompatible compos-
ite that withstands the aggressive oral environment. The
low-shrinking composite is expected to be associated with
better bonding and improved marginal sealability because
it achieves a more-uniform stress distribution at the
restorative compositeetooth interface.8 Clinical problems
are partially related to polymerization shrinkage, and thus
low-shrinking matrix resins were developed to reduce
microleakage by introducing a completely new chemical
basis (a combination of siolaxanes and oxiranes).9 It was
stated that although a considerable amount of performance
data are available for silorane-based materials, information
on microleakage is limited.10 In this study, we evaluated
the ring-opening chemistry of silorane-based composite
resin, which caused less microleakage compared to
dimethacrylate-based composites.
In previous studies, the marginal integrity and micro-
leakage of silorane-based restorative systems were re-
ported to be superior to those of methacrylate-based
restorative systems.3,11,12 Krifka et al10 reported that
silorane-based composite resin had the lowest dye
penetration, but neither flowable nor conventional
methacrylate-based composite resins provided better
sealing abilities in their studies. Bagis et al13 compared the
marginal integrity of methacrylate- and silorane-based
composite resins in wide (occlusal dimension being two-
thirds of the intercuspal dimension) MOD cavities and re-
ported no dye penetration for Filtek Silorane restorations.
Similarly, according to the results of our study, the lowest
microleakage rates were recorded in the siloraneTable 5 Mean, median range, and standard deviation (SD) of m
Application Mean  SD
Aelite Aesthetic Enamel, QTH 3.25  1.29
Aelite Aesthetic Enamel, LED 550 2.75  0.91
InTen-S, QTH 2.7  1.13
Aelite Aesthetic Enamel, LED 1055 2.55  0.94
InTen-S, LED 550 2.4  1.43
Filtek Silorane, QTH 1.9  1.12
InTen-S, LED 1055 1.85  0.86
Filtek Silorane, LED 550 1.65  0.93
Filtek Silorane, LED 1055 1  0.79
LED Z light-emitting diode; QTH Z quartzetungstenehalogen.
a Different letters indicate dissimilarity of groups (P < 0.05).composite groups compared to the methacrylate groups
regardless of the different LCUs used.
According to the manufacturer of Filtek Silorane, to
achieve good restorations, silorane-based composites
should be used only with their own bonding agents. Mean-
while, using combinations of adhesives with methacrylate-
based composite resins of different manufacturers is a
common practice.10,14 For this reason, the Silorane System
adhesive was used with silorane-based composite resins,
whereas Clearfil S3 bond was used for the other
dimethacrylate-based composite resins.
Ernst et al15 stated that Clearfil S3 bond did not show
marginal staining or gaps at the enamel margins in their
study that evaluated the marginal integrity of class V res-
torations after bonding with different all-in-one and two-
step self-etching adhesives. To minimize factors that
affect the marginal leakage rate, Clearfil S3 bond was
preferred because of its high bonding capability for groups
of methacrylate resins. Pilo and Ben-Amar16 compared the
microleakage of three one-bottle and three multistep
adhesives and reported that the adhesive of the silorane-
based composite resin exhibited the lowest dye penetra-
tion. According to this finding, it was concluded that factors
other than bond strength determine the amount of micro-
leakage. Thus, the first null hypothesis that microleakage
values of silorane-based composite resins would be lower
than those of methacrylate composite resins was accepted.
In previous studies, cavity configurations and curing
methods also influenced the marginal sealing ability and
material properties.8,17e19 The cavity configuration (factor
C ) is the ratio of the bonded surface area to the unbonded
surface area.20 Klautau et al17 reported that silorane-based
composite systems were least affected by changes in the
C-factor and resulted in a statistically significant good
marginal adaptation compared to methacrylate-based
composite resins.
Since the introduction of LED sources by Mills21 in 1995,
several concerns about their efficiency for light curing of
resin-based materials have arisen. Mills et al22 stated that
LED sources were capable of significantly greater depth of
curing for three different types of composite resins than
were halogen LCUs. Oberholzer et al19 reported signifi-
cantly less microleakage at the dentineecementum inter-
face when restorations were cured with an LED unitarginal leakage of the various groups.
Median
(minimumemaximum)
Differencea
3.5 (1e5) a
3 (1e4) a
3 (1e5) a,b
3 (1e4) a,b
2.5 (1e5) a,b
2 (0e4) b
2 (1e4) b
2 (0e3) b,c
1 (0e3) c
Figure 3 Graphic layout of the means and median ranges of
marginal leakage of the various groups.
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with two different power outputs (LED 550 and LED 1055)
and a QTH unit were used in this study.
In all tested composite resin groups, the lowest micro-
leakage values were obtained with LED 1055 LCUs, and the
highest were with QTH LCUs. Only in the silorane-based
composite group did the LED 1055 show significantly lower
microleakage scores than the QTH group, although having
similar results to the LED 550 group. The LED 1055 unit used
in this study delivered a much greater power density, sug-
gesting a higher degree of polymerization. In this study,
whereas the LED 1055 LCU was applied for 20 seconds, the
LED 550 and QTH LCUs were applied for 40 seconds ac-
cording to the manufacturers’ recommendations. Soh
et al23 stated that the exposure duration was a determining
factor of the polymerization quality of resin composites. In
another study, Piva et al24 reported that the use of LCUs
with high output irradiance was preferable instead of
increasing the exposure time to compensate for low output
irradiances. The QTH LCU used in this study had a light
output intensity (400 mW/cm2), lower than those of the
other LED LCUs (500 and 1300 mW/cm2).
Although LED LCUs have a narrower spectral range
(430e480 nm) than QTH LCUs (400e500 nm), LED LCUs
have an emission spectrum similar to the absorption
spectrum of the camphorquinone photoinitiator. This
spectral homogeneity thus allows complete usage of the
emitted light by LED LCUs, which does not occur with
halogen curing.25e27 This curing behavior could explain
why silorane-based composites showed lower microleakage
values with LED 1055 compared to QTH LCUs. This might
have been due to the absorption spectrum of the cam-
phorquinone photoinitiator present in Filtek Silorane and
the matching emission spectrum of the LED 1055 LCU. The
second null hypothesis that there would be no differences
in microleakage values of composite resin restorationsafter polymerization with different LCUs was thus
rejected.
It was concluded that the microleakage of the composite
resin restorations varied according to the type of resin
composite and the LCUs.
In this study, only one shade (A2) of composite was used,
andtheeffects ofdifferent color shadeswerenotconsidered.
Within the limitations of the present study, it was concluded
that it is not possible to entirely prevent microleakage, but it
can be minimized with silorane-based composite resins and
high-density output LED LCUs. The proper use of silorane will
be very helpful for the clinical success of restorations.
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